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The genomes of 499 strains of S. equi, which were isolated be-
tween 1955 and 2015 from horses across the world, were
sequenced to study the phylogenetic relationships of strains of
different geographical and temporal origins. Phylogenetic trees
were reconstructed based on single nucleotide polymorphisms in
the core genome and the genetic diversity of isolates was exam-
ined relative to the country of origin. The molecular epidemiology
of outbreaks, where information was available, was investigated
in greater depth to enable the identiﬁcation of outbreak sources.
Sequencing strains from an outbreak at a rehoming centre in
Norfolk, UK, in early 2015 identiﬁed that a breakdown in bio-
security measures in the isolation yard was responsible for recent
cases of disease. This information enabled rapid remedial actions
to be implemented, which minimised further cases and facilitated
the resolution of the outbreak. The sequences of isolates recov-
ered from an outbreak of strangles at a rehoming centre in Lin-
colnshire, UK, during 2007/8 provided evidence that this
outbreak was triggered by persistently infected carrier animals,
most likely from a previous spate of disease on this site. Following
the outbreak, the identiﬁcation and treatment of persistently
infected horses enabled the eradication of S. equi from these
premises. The transmission of four strains of S. equi linked to the
import of horses from Europe led to multiple outbreaks of
strangles in Dubai. Our data highlight potential beneﬁts of pre-
export screening for the effective identiﬁcation and treatment of
carrier animals. Certain groups of S. equi were restricted to
particular outbreaks or countries, for example isolates in Australia
and New Zealand were related. However, the populations of S.
equi recovered from several European countries (Ireland, Sweden,
Belgium, France, the Netherlands, Spain, Italy and the UK) and
Dubai were virtually indistinguishable. Our data highlight that
the international movement of horses facilitates cross-border
transmission of S. equi. International transmission is most likely to
occur through a failure of pre-import health checks and quaran-
tine procedures to identify outwardly healthy persistently infec-
ted animals. Pre-movement screening can identify persistently
infected horses and prevent outbreaks of strangles. However,0737-0806/$ e see front matter.these diagnostic tools do not form part of pre-export testing
procedures as strangles is not currently recognised as an OIE-
Listed disease that is important for international trade. Strangles
is endemic throughout the world and causes signiﬁcant disrup-
tion to the equine industry. However, the international trans-
mission of S. equi is preventable. We recommend that strangles
should be listed by the OIE and that diagnostic testing for this
agent becomes a routine part of pre-export health checks.
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In autumn 2014, clinical strangles occurred in a group of 112
warmblood weanlings. All were sampled by nasal swabs at the
peak of the outbreak and four months later 98 of the 112 sampled
by nasal swab, nasopharyngeal lavage and guttural pouch lavage
for culture and qPCR (1) to Streptococcus equi ssp. equi (hereafter S.
equi). Clinical signs were recorded serially over the entire
outbreak to identify occurrence of clinical strangles. Those with
ruptured abscess/es on the head region, and/or, an elevated
clinical score based on presence of fever (>38.2C), presence of
mucopurulent nasal discharge and moderate to severe lymph
node swellings of the head were classiﬁed as disease positive.
Serial blood samples also obtained before, during and following
the clinical outbreak were analysed for reactivity against antigens
A and C of a S equi speciﬁc ELISA (2).
At the outbreak’s peak, 14/112 animals were culture positive for S.
equi and 53/112 positive on qPCR. All culture positives were qPCR
positive. Fever was present in 11/53 qPCR positive foals, purulent
nasal discharge in 5/53 and swollen submandibular lymph nodes
in 6/53 foals (data not shown). Only 26/53 of qPCR positive foals
showed any clinical signs suggestive for acute strangles. While 91/
112 eventually seroconverted fully to antigen A, 39/91did so
without developing any clinical signs suggestive of strangles. On
the other hand, while only 7/112 developed antibodies against
antigen C; most (5/7) displayed clinical signs of strangles.
Table 1
Serology, bacterial culture and qPCR to S. equi in relation to clinically
diagnosed strangles in 112 weanlings.
S. equi results** Clinical disease*** Total
Negative Positive
Total 53 59 112
Seroconversion antigens A & C 2 5 7
Seroconversion antigen A 39 52 91
Seronegative Antigen A 14 7 21
Seroconversion antigen C 2 5 7
Seronegative Antigen C 51 54 105
Culture positive 6 10 16
Culture negative 49 47 96
qPCR positive 27 35 62
qPCR negative 28 22 50
** S. equi results at any sampling occasion or site.
*** clinical strangles diagnosed at any time.
Figure 1. Counts of S. zooepidemicus (per ml) in nasal washes of control and
immunized foals with and without mucopurulent nasal discharges.
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remained seronegative to antigen C. In summary, despite all
weanlings being exposed to and/or infected by S. equi in this
outbreak, minimal to onlymild disease ensued, possibly related to
by their failure of a robust immunologic response to portions of
the SeM protein (antigen C). Sequencing studies of the S. equi
strains involved are ongoing to determine whether genetic
deletion events (3) could help explain the reduced clinical severity.
Funding: FORMAS, Sweden; http://www.formas.se/
References
1 Båverud et al. Vet Microbiol. 2007;124(3-4):219-29.
2 Robinson C et al. Vet J. 2013 Aug;197:188-91.
3 Harris SR et al,. Genome Res. 2015 Sep;25:1360-71.
109
Introduction, spread and persistence of Streptococcus
zooepidemicus ST-209 in the Icelandic horse population
S. Bjornsdottir 1, M.T.G. Holden 2, S.R. Harris 3, E. Gunnarsson 4, V.
Svansson 4, K. Gammeljord 5, A. Charbonneau 6, K.F. Steward 6, C.
Robinson 6, A. Waller*6
1 Icelandic Food and Veterinary Authority, Iceland; 2 The University
of St. Andrews, United Kingdom; 3 The Welcome Trust Sanger
Institute, United Kingdom; 4 Institute for Experimental Pathology,
Iceland; 5University of Copenhagen, Denmark; 6Animal Health
Trust, United Kingdom
The Icelandic horse population is free from equine inﬂuenza,
equine rhinopneumonitis, equine herpesvirus 1, equine viral
arteritis and Streptococcus equi by virtue of an absence of horse
import for over 1,000 years. However, between April and July of
2010, an epidemic of respiratory disease, characterised by a
persistent dry cough, swept across Iceland infecting almost the
entire population, of an estimated 77,000 horses. Network anal-
ysis identiﬁed a single training yard in the South of Iceland as
being linked to the majority of cases during the epidemic and
suggested an incursion of the infectious agent between the 5th
and 10th February 2010. Analysis of samples recovered from ani-
mals with respiratory signs and the tissues of occasional fatal
cases identiﬁed Streptococcus zooepidemicus as the only agent
consistent with the observed clinical signs of disease. S. zooepi-
demicus is typically regarded as an opportunistic pathogen of
horses and so the genetic relationships of 304 isolates of S.
zooepidemicus were studied to determine if a novel pathogenicstrain type had emerged. We identiﬁed four clades of bacteria
from Icelandic horses. However, only clade 1 strains (ST-209)
were isolated from horses on the majority of affected farms. Clade
1 isolates were very closely related to one another, indicating that
the strain had spread quickly throughout Iceland. Further sam-
pling of 36 healthy horses in 2013 recovered 20 isolates of the
ST-209 strain from 4 animals on different farms. Analysis of
genome sequencing data enabled calculation of the mean sub-
stitution rate per core genome site per year as 2 x 10-6. Based on
this substitution rate, the ST-209 strain is predicted to have
entered Iceland during December 2008, over one year before the
start of the epidemic. Our data demonstrate that the arrival of the
ST-209 strain at the training yard in the South of Iceland played a
signiﬁcant role in the transmission of this agent and the initiation
of the epidemic. This training yard accepted horses from across
Iceland for a training regime that utilised a submerged treadmill
and we propose that this provided an ideal environment for the
transmission of the ST-209 strain. The identiﬁcation of key
transmission points and the implementation of improved bio-
security and hygiene measures are essential tomitigate the risk of
future epidemics of disease.
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Inﬂuence of serum antibody on occurrence of
Streptococcus zooepidemicus in the nasopharynx of
weanling foals
Sridhar Velineni*, John F. Timoney
Gluck Equine Research Center, University of Kentucky, Lexington,
KY 40546Streptococcus zooepidemicus (Sz) is a tonsillar and mucosal
commensal of horses that opportunistically invades the respira-
tory tract. Annual outbreaks of purulent rhinitis and tracheo-
bronchitis associated with Sz in weanling foals raised in isolation
on the University of Kentucky farm prompted investigation of the
inﬂuence of serum antibody on the occurrence of Sz in the res-
piratory tract. Ten 4 e 5 month old foals were inoculated sub-
cutaneously with a combination of 3 mouse-protective Sz
proteins SzP, ScpC and HylC and QuilA 6 and 4 weeks before
weaning. Ten foals were inoculated with sterile PBS and QuilA as
controls. Populations of Sz in washes were monitored by SzP
proﬁling andmulti-locus sequence typing. Immunized foals made
robust antibody response to SzP and ScpC (1:6400 e 1:102400),
